Abstract. microRNA (miRNA/miR)-30a, a tumor-associated miRNA, has been implicated in the tumorigenesis and progression of different types of human cancer. Thyroid cancer is a common endocrine malignancy, of which papillary thyroid cancer (PTC) accounts for ~80-90% of all TC. However, the effect of miR-30a in PTC is yet to be fully elucidated. The TPC-1 human PTC cell line, as well as the normal human thyroid cell line (HT-ori3), were utilized in the current study. The PTC cell line was transfected with a miR-30a mimic. Subsequently, reverse transcription-quantitative polymerase chain reaction was performed to detect the expression of miR-30a and E2F transcription factor 7 (E2F7). Cell proliferation was assessed via a MTT assay and transwell migration and invasion assays were performed to detect the migration and invasion of PTC cells. A dual-luciferase reporter assay was also utilized to clarify the association between miR-30a and E2F7. The results of the current study revealed that miR-30a was significantly downregulated in TPC-1 cells compared with HT-ori3 cells and that the expression of E2F7 was significantly upregulated in PTC cells. The upregulation of miR-30a also inhibited the proliferation, migration and invasion of PTC cells. Furthermore, the luciferase assay revealed that miR-30a binds to the 3'-UTR of E2F7. Additionally, the overexpression of miR-30a decreased E2F7 levels in TPC-1 cells. These results indicate that miR-30a functions as a tumor suppressor in PTC by direct targeting E2F7 and that miR-30a may be a novel therapeutic target for patients with PTC.
Introduction
The incidence of thyroid cancer (TC) is the highest among endocrine malignancies (1) (2) (3) (4) , with ~62,450 new diagnoses and ~1,950 TC mortalities in 2015 alone (5) . Furthermore, the incidence of TC has increased rapidly in recent years and as such has attracted more scientific attention; the age-adjusted incidence of TC is estimated to be 9.1 per 100,000 females and 2.9 per 100,000 males in developed countries (6) (7) (8) (9) . TC can be divided into four histologic groups, including papillary TC (PTC), poorly differentiated carcinoma, follicular TC and anaplastic TC (10) . Among these, PTC accounts for ~80-90% of all patients with TC (10) . PTC has a poor prognosis, so studies assessing the molecular mechanism of PTC development are urgently required (11) (12) (13) (14) .
MicroRNAs (miRNAs) are small non-coding RNA molecules comprised of 20-22 nucleotides, which inhibit mRNA expression at the post-transcriptional level (15, 16) . Several studies have demonstrated that various miRNAs function as promoters or suppressors in many types of tumor, meaning that the identification of miRNAs may serve as a useful diagnostic and therapeutic approaches to cancer (10, 17, 18) . Furthermore, previous studies have reported the use of miRNAs as biomarkers and their impact on the development of therapeutic strategies in various malignancies, including lung cancer (18) , TC (19) and prostate cancer (20) . Therefore, the identification of novel biomarkers and molecular targets may provide more effective treatment options for patients with PTC.
The results of the current study determined the expression of miR-30a in two TC cell lines and identified the effect of miR-30a on the viability, migration and invasion of PTC cells. These data indicated that miR-30a was downregulated in PTC cells, while its ectopic overexpression significantly inhibited the viability, migration and invasion of PTC cells. Therefore, miR-30a may have the potential to function as a diagnostic biomarker or a curative target in the future diagnosis and treatment of patients with PTC.
Materials and methods
Study sample. A total of 15 pairs of PTC tissues and matched adjacent non-tumor tissues were obtained from Fenyang Prison Hospital (Fenyang, China). All tissue samples were obtained following the receipt of written informed consent. The current study was approved by the Ethics Review Board of Fenyang College Shanxi Medical University (Shanxi, China). Seven tissue samples were from males and eight were from females. The average age of the study population was 58.4 years (range, 47-78 years). The data range of sample collection was between October 2017 and May 2018. The patients who were diagnosed with PTC were included in the study. The diagnoses were made by pathologists. Adjacent non-tumor tissues were isolated ≥2 cm away from the tumor border and were shown to be free of tumor cells via microscopy. The tissues were fixed with 10% formalin for 24 h at room temperature, processed in paraffin and sectioned using a microtome. The thickness of sections was 20 µm. Hematoxylin and eosin staining was used to confirm the diagnosis. Briefly, the tissue was stained in hematoxylin for 4 min at room temperature, washed under running tap water for 5 min, differentiated in 1% acid alcohol for 5 min at room temperature, and under running tap water for 5 min. The tissues were stained in 1% eosin Y for 10 min at room temperature, washed under running tap water for 5 min, and then dehydrated 95% ethanol and absolute ethanol. Subsequently, the tissues were cleared in xylene. The samples were observed under a light microscope at a magnification of x100. Following tissue collection, samples were frozen in liquid nitrogen immediately, transported to the laboratory and stored at -80˚C for RNA isolation. Following resection, tissues were washed with PBS, immediately frozen in liquid nitrogen and stored at -80˚C. The expression of miR-30a in PTC tissue was then compared with adjacent non-tumor tissues.
Cell culture. The TPC-1 cell line and the normal PTC cell line (HT-ori3) were purchased from the American Type Culture Collection (Manassas, VA, USA). Cells were maintained in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 100 IU/ml of penicillin and 100 µg/ml of streptomycin. All cells were cultured in a humidified incubator containing 5% CO 2 at 37˚C. 
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RNA was extracted from cultured cells and tissues using the TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, RNA was reverse transcribed using the RevertAid First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). qPCR was performed to determine the expression of miR-30a and E2F transcription factor 7 (E2F7) using SYBRGreen (Qiagen, Inc., Valencia, CA, USA). RT-qPCR amplification was performed for 40 cycles using the following thermal profile: Denaturation for 15 sec at 95˚C, annealing and extension for 1 min at 60˚C. The following primers were utilized: miR-30a forward, 5'-CGC GAT GTG TAA ACA TCC TCG AC-3' and reverse, 5'-ATC CAG TGC AGG GTC CGA GG-3'; E2F7 forward, 5'-ACC CTC AGA TTC CAC AGA CC-3' and reverse, 5'-AGT TTG CTG TTG CCT TTC CT-3'; U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'. U6 served as an internal control. Furthermore, the 2 -∆∆Cq method was utilized for RNA quantification and associated analysis (21) .
MTT assay. Cell viability was assessed via an MTT assay. Cultured TPC-1 cells were first transfected with the miRNA mimics, then seeded into 96-well plates (~4,000 cells/well). Subsequently, MTT solution (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added to each well and incubated at 37˚C for 4 h. A solubilization solution, dimethyl sulfoxide, was added to dissolve the insoluble purple formazan. A microplate reader was used for detecting the viability of cells at an absorbance at 490 nm.
Invasion and migration assays. Transwell inserts that were precoated with Matrigel (BD Biosciences, San Jose, CA, USA) were utilized to identify the effect of miR-30a on the invasive capacity of PTC cells. PTC cells (1x10 5 ) were suspended in Dulbecco's Modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.) without serum. Subsequently, these cells and medium were seeded into the upper chamber of the system and DMEM containing 20% FBS was added to the lower chamber. Cells were incubated at 37˚C for 24 h and fixed using 4% polyoxymethylene at 4˚C for 15 min. Following 15 min of incubation at 4˚C, samples were stained using 0.1% crystal violet dye for 10 min at 37˚C. The experimental procedure for the migration assay was the same as aforementioned, except the transwell inserts were not coated with Matrigel prior to experimentation. A light microscope was utilized to visualize the results at magnification, x200. Each assay was performed in triplicate and repeated three times.
Western blotting. Protein from TPC-1 cells was extracted using modified radioimmunoprecipitation assay buffer containing 0.5% sodium dodecyl sulfate (SDS) in the presence of a proteinase inhibitor cocktail (all Roche Applied Science, Madison, WI, USA) at 96 h following transfection. A bicinchoninic acid assay was used for the detection of protein concentration. Protein (2 µg per lane) was then separated using 10% SDS-PAGE and transferred onto a polyvinylidene difluoride membrane. Membranes were blocked with 5% non-fat at room temperature for 1 h and incubated with the following primary antibodies at 4˚C overnight: Anti-E2F7 (cat. no. sc-32574; 1:5,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and anti-GAPDH (cat. no. 2118; 1:5,000; Cell Signaling Technology, Inc.). Samples were then incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G secondary antibodies (cat. no. 65-6120; 1:5,000; Invitrogen; Thermo Fisher Scientific, Inc.) at 4˚C overnight. Immunoreactive bands were visualized on film by enhanced chemiluminescent substrate (Pierce; Thermo Fisher Scientific, Inc.). GAPDH was utilized as an internal control and data were analyzed using ImageJ software version 1.8 (National Institutes of Health, Bethesda, MD, USA).
Luciferase reporter assay. TargetScan (www.targetscan. org/) was used to predict the target gene of miR-30a. To determine the association between miRNA and target genes, PCR was used to amplify the 3'-untranslated region (UTR) of human E2F7, which was then cloned into a pmirGLO vector (Promega Corporation, Madison, WI, USA). The PCR method used is detailed in the previous subsection. Subsequently, Lipofectamine 2000 ® was utilized to transfect cells in the 24-well plates. The obtained wild type or mutant pmirGLO vector, pRL-SV40 Renilla luciferase construct (5 ng; Promega Corporation) and miR-30a mimic or the respective negative control were co-transfected to each well. After 48 h transfection, cells were extracted and the luciferase activity was determined using the Dual luciferase reporter assay system (DLR ® Assay) following 48 h. Firefly luciferase activity in the vectors was normalized to Renilla luciferase activity.
Statistical analysis. Data were analyzed using GraphPad Prism 6.0 software (GraphPad Software, Inc., La Jolla, CA, USA) and presented as the mean ± standard deviation. One-way analysis of variance followed by a Tukey's post-hoc test was used for comparisons between multiple groups. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-30a is downregulated in human PTC tissue.
To obtain a greater understanding of the clinical interrelation of the expression of miR-30a in PTC tissue, 15 pairs of PTC tissue samples and non-tumor tissues were assessed via RT-qPCR. The results revealed that the expression of miR-30a was significantly downregulated in PTC tissue compared with non-tumor tissue (Fig. 1) .
miR-30a is downregulated and E2F7 is upregulated in human
PTC cells. The current study aimed to determine the expression of miR-30a in a PTC cell line (TPC-1) and a normal thyroid cell line (HT-ori3). Compared with HT-ori3 cells, the expression of miR-30a and the levels of E2F7 in TCP-1 cells were significantly decreased and increased, respectively ( Fig. 2A-B) . Western blotting was subsequently performed to detect the protein expression of E2F7 in these cell lines. The results revealed that E2F7 levels in TPC-1 cells were markedly increased compared with HT-ori3 cells (Fig. 2C-D) .
miR-30a decreases the proliferation of TPC-1 cells.
To determine whether miR-30a regulates the proliferation of PTC cells, miR-30a mimics were utilized to increase the expression of miR-30a. Following transfection for 6 h, a significant increase in miR-30a expression was observed when compared with the NC mimic group (Fig. 3A ). An MTT assay was subsequently performed to determine the proliferation of TPC-1 cells following miR-30a mimic or NC mimic transfection. The results revealed that transfection with miR-30a mimics significantly decreased cell proliferation compared with the NC mimics group. Furthermore, the proliferation of cells in the miR-30a mimic group achieved the minimal viability rate and become stable after 48 h (Fig. 3B) . These results confirmed that the upregulation of miR-30a inhibits the proliferation of PTC cells.
miR-30a inhibits the migration and invaison of TPC-1 cells.
To assess the roles of miR-30a in PTC cell migration and invasion, transwell migration and invasion assays were performed in TPC-1 cells transfected with miR-30a or NC mimics. The results indicated that the overexpression of miR-30a, induced via the transfection of a miR-30a mimic, significantly suppressed the migration (Fig. 4A) and invasion (Fig. 4B ) of TPC-1 cells compared with the NC mimics group.
miR-30a targets the E2F7 3'-UTR directly.
To identify the molecular mechanism of miR-30a in the regulation of cell survival, putative miR-30a targets were predicted via bioinformatics analysis (Fig. 5A) . The results revealed that E2F7 is a direct target of miR-30a. A luciferase reporter assay was then performed to confirm whether miR-30a targets E2F7 directly (Fig. 5B) . The results demonstrated that, compared with the NC mimics group, co-transfection with miR-30a mimics significantly decreased the luciferase activity of the wild-type E2F7-3'-UTR luciferase vector in TPC-1 cells. However, no significant effect on the luciferase activity of mutant E2F7-3'-UTR following transfection of miR-30a was observed. Furthermore, the protein levels of E2F7 were markedly decreased following miR-30a transfection (Fig. 5C ). These data indicate that E2F7 may be a direct target of miR-30a in PTC cells.
Discussion
TC is a common endocrine malignancy that is primarily derived from follicular thyroid or parafollicular C cells (22) . The overall 10-year survival rate of differentiated TC was >80%, with ~5-20% of TC patients developing local or regional recurrence and 10-15% developing distant metastases in a 2014 study (23) . Furthermore, PTC accounts for ~80-90% of all TC patients. In recent years, previous studies have aimed to assess certain miRNAs as possible regulators of tumorigenesis and PTC development (24) (25) (26) . The current study aimed to assess the role of miR-30a in PTC via the regulation of E2F7. The results demonstrated that the overexpression of miR-30a suppressed the proliferation, migration and invasion of PTC cells by directly targeting E2F7. Previous studies have demonstrated that miRNAs serve as tumor suppressors in various types of cancer (27) (28) (29) (30) . A previous study revealed that miR-141 suppressed TC cell growth and metastasis by suppressing insulin receptor substrate 2, indicating that miR-141 may serve as a potential therapeutic target for the treatment of patients with TC (31). Furthermore, miR-497 is also considered to be a TC tumor suppressor that acts by repressing brain derived neurotrophic factor (32) . A previous study also indicated that miR-7 may function as a tumor suppressor by directly targeting serine/threonine protein kinase 1, potentially serving as a novel therapeutic target for TC (30) . Therefore, miRNAs have been demonstrated to be associated with tumor development and progression, highlighting their potential use as biomarkers for the diagnosis and prognosis of PTC. However, the prognostic relevance and functions of miR-30a in PTC remain largely unclear. The current study assessed the expression of miR-30a and their role in PTC cells. The results indicated that miR-30a was downregulated in PTC cell lines compared with normal cell lines. Furthermore, the ectopic expression of miR-30a inhibited PTC cell proliferation, migration and invasion.
It is well known that E2F7 serves predominantly as a transcriptional repressor, binding to miRNA promoters and protein-coding genes bearing E2F consensus motifs, thereby inhibiting their expression (33) . The E2F family of transcription factors are important regulators of cellular proliferation (34) . A previous study has revealed that the E2F7 protein serves an essential role in the regulation of cell cycle progression and may be a key component of a negative feedback loop required to turn off the transcription of E2F-driven G1/S target genes, thus allowing progression through the cell cycle (35) . The p53-dependent transcriptional upregulation of E2F7 results in the repression of relevant gene expression and the E2F7-dependent mechanism contributes to p53-dependent cell cycle arrest in response to DNA damage (36) . Furthermore, E2F7 may serve as an independent prognostic factor of glioma and may therefore constitute a potential therapeutic target for this disease (37) . A recent study demonstrated that the inhibition of E2F7 inhibits gallbladder cancer cell proliferation, migration and metastasis (38) . In the current study, miR-30a was confirmed to target E2F7 directly and the increased expression of miR-30a significantly suppressed E2F7 expression in human PTC cells. Furthermore, the results of transwell migration and invasion assays indicated . miR-30a directly targets the 3'-UTR of E2F7 mRNA. (A) Schematic representation of the mature miR-30a sequence and the putative miR-30a target site in the 3'-UTR of E2F7 mRNA (red font). (B) Overexpression of miR-30a markedly decreased the relative luciferase activity of the E2F7 3'-UTR wt group, while the E2F7 3'-UTR mut group demonstrated no marked effect. (C) The protein expression of E2F7 following incubation with miR-30a mimics was measured via western blotting. ** P<0.01. miR, microRNA; UTR, untranslated region; E2F7, E2F transcription factor 7; NC, negative control; wt, wild-type; mut, mutant.
that the overexpression of miR-30a, induced via transfection with miR-30a mimics, significantly suppressed the migration and invasion of PTC cells. In future experiments, studies will aim to perform other functional assays to determine the effect of miR-30a on the proliferation and metastasis of PTC cells in vitro and in vivo, including cell cycle analysis by flow cytometry and wound healing assay. Collectively, the current study revealed that miR-30a inhibited cell proliferation, migration and invasion, partially by targeting E2F7. Therefore, the current study provided evidence for the critical regulatory axis of miR-30a/E2F7 in the developmental process of PTC.
Overall, the current study demonstrated that the proliferation, migration and invasion of PTC cells are inhibited by miR-30a overexpression by targeting E2F7. All results obtained in the current study indicate that miR-30a may serve as a tumor suppressor gene in the tumorigenesis and progression of PTC. Therefore, miR-30a and E2F7 may serve as potential therapeutic targets for the treatment of patients with PTC.
